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irregular depressions, flow lobes on scarps that resemble rock glaciers, Kjartansson [1943] in Iceland and Mathews [1947] in British Columbia 

and numerous fluvial valleys and outflow channels. Water from channels presented the hypothesis that the Pleistocene hyaloclastite mountains are 

appears to have pooled in the northern lowlands, forming a lake or ocean piles formed in subglacial eruptions. The work of Van Bemmelen and 


Rutten [1955] in the northern part of Iceland established the theory. northernmost-active volcano of the Andes, and a typical subduction zone 

Moore & Calk [1991] provided definitive geochemical studies of Icelandic andesite [Williams et al 1986] volcano, that produced a horrible 

tuyas. Because of the late acknowledgment of subglacial volcanism as a catastrophe, killing more that 23,000 people living 72 km away, in the 

process, it is a relatively young science and geologists are unfamiliar with city of Armero. The 1985 eruption is only the most recent event in a 

the subject. This chapter seeks to help alleviate this problem with series of twelve eruptive stages that have occurred in the past 11,000 
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hyaloclastite with associated pillows and columnar basalt in Dalsheidi in Moraines and fluvioglacial deposits are often intercalated with the 

SE-Iceland. It is interpreted as a flow beneath a valley glacier in a channel hyaloclastites. Intraglacial and interglacial lavas are also an important 

previously excavated by englacial floods. It is < 300 m thick and may constituent. Subglacial eruptions within the ice caps of VatnajOkull and 

originally have been 35 km long and about 0.5 km wide. MyrdalsjOkull have continued producing hyaloclastites up to the present. 
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Why hyaloclastite ridges form in some cases and tuyas in other cases and Alaska [Hoare and Coonrad f 197&]. 

is unclear. Analyses of rocks from the northern half of the Western Brown Bluff volcano [Smellie and Skilling , 1994; Skilling „ 1994] is a 

Volcanic Zone have showed that the distinction is not governed by magma IMa-old [/?«, 1976] tuya, located at the northern tip of the Antarctic 


Peninsula (Fig. 3.8). A number of factors suggest Brown Bluff was initially lithification prior to resedimentation had taken place. Sedimentary grain 

erupted subglacially and later within an englacial lake. Field evidence sizes are used throughout, 

suggests that there were drainage and refilling episodes of the lake, with 3.5.1. Interpretation of Unit A 

drawdown and rise of at least 100m, during construction of the volcano Unit A has similarities to pillow volcano or seamount sequences, 

(Fig. 3.9). This is characteristic of englacial lakes, which are typically which often consist of a core of pillow lavas draped by massive and 
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"hyaloclastite" and "hyalotuff". These are defined on the basis of an most of the beds suggests that the primary emplacement was from low- 

estimate of the vesicularity of the lapilli (or coarser) clasts (<25%: volume, discrete, simultaneous eruptions, interpreted as Surtseyan 

hyaloclastite; >25%: hyalotuff). No particular fragmentation is implied by "tephra jets" (Fig. 3.10). There is no evidence of direct deposition by^ 

these terms. The sedimentary term "conglomerate" is used were pyroclastic surges or airfall, implying either that all the tephra was. 
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As we've learned in the previous sections, hyaloctastic ridges and tuyas Pyroclastic-flow deposits of eruptions of Augustine volcano in 1976 and 

are vent phenomenon and are restricted to eruptions beneath ice sheets 1986 grade into bouldery flood deposits [Waitt and Begtt, 1996]. During 

or water (Surtsey is a marine tuya); therefore they are a definitive each of three eruptions of Crater Peak (Mount Spurr) volcano in 1992, 



hot pyroclasts melted snowpack to form diverse debris-rich snow have peaked at about 30,000 m 3 /s [ Bjornsson , 1992; Gudmundsson and 

avalanches and flows intermediate between pyroclastic flows and lahars others , 1995] or even 40,000 m 3 /s {Ami Snorrason , pers. commun., 

[ Waitt , 1995]. 1998). Since 1940 jOkulhlaups recur every 4-5 years, have typically 

3.6. 1.2 Influence of glacier. smaller volume (1 to 2.5 km 3 ) and have lower peak discharges of 600 to 

Like Nevado del Ruiz (section 3.3), other historical summit eruptions 1 1 000 m 3 /s. The unusually laree 1996 SkeidarS irtkulhlaun of 52.000 
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central pit is common, often approximately one-half of the basal diameter 
across. Not even the crater form is requisite, however. Some of the 
features in southern Iceland have no summit pits, but are tumuli several 


3,8, HYALOCXASTIC RIDGES, TUYAS, LAHARS, AND jOKULHLAUPS narrow linear ridges and pits within the mounds and the alignment of 

ON MARS mounds with Elysium Fossae (volcano-tectonic depressions) and linear 

Possible analogs to terrestrial hyaloclastic ridges, tuyas, lahars, and chains of domes attest to fissure eruptions as the likely source of the 

jflkulhlaups have been identified on Mars in the Acidalia Planitia region, mounds and ridges. Their rough texture, topography, and similarity to 

north and northwest of Elysium Mons, a large volcanic construct on the Icelandic features suggest that they may be formed from friable materials 
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rough-textured martian mounds and ridges contain similar central narrow Planitia, is a lobe of coarse, rough-appearing material with inner, smooth 

linear ridges and pits; narrow ridges also extend away from the mounds areas. This lobe was interpreted by Christiansen [1989] to be laharic 

(Fig. 3.16.B). Moberg ridges erupted along fissures southwest of the material, based on its morphologic similarity to terrestrial mass-flows. 

VatnajbkuU ice cap (Fig. 3.17.A) form lineaments that appear very similar Because of its proximity to the hypothetical hyaloclastic ridges, this, 

to some rough-textured ridges in the Elysium area (Fig. 3.17.B). Central, rough-textured material was reinterpreted as jOkulhlaup deposits 
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On a smaller scale, fluvial valleys are found predominantly in the permeable country rock. This shell prevents ground water from . 

ancient cratered highland terrain and upon the slopes of some volcanoes. contacting the intrusion itself. Surrounding ground water that is heated 

The northern flank of the very young volcano Alba Patera is dissected by by the magma forms an upwardly moving buoyant plume near the 


intrusion. Colder, denser ground water flows in toward the intrusion solar and emitted infrared radiation [Fanale et al 1992]. The surface 

from surrounding regions and continues to replace the upwardly moving temperature will remain below freezing and a residual ice-rich permafrost 

ground water as long as a thermal gradient exists. Depending on the size zone will remain near the surface, except for areas directly above the 

of the intrusion, ground water within several tens of kilometers or more intrusion or where springs or seeps have formed. Figure 3.20 (from 

could flow into the system. Ground ice above and near the intrusion Gulick, 1998) illustrates the equilibrium thickness for a variety of heat 
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Table Captions 

Table 3.1 Description and interpretation of lithofacies of Brown Bluff 
Volcano, a tuya in Antarctica. 
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ridge in the Western Volcanic Zone in Iceland. From Jones [1970]. 
Figure 3.6. An oblique aerial photo of subglacial hyaloclastite ridges 
southwest of Vatnajdkull, Iceland. The ridges are 20-30 km long and 
have a relief of 300-500 m. Photo by Oddur Sigurdsson. 




from the bottom left; scale bars equal 5 km. (A) Hyaloclastic ridges, 
2-3 km wide, erupted along fissures southwest of Vatna ice cap [Van 
Bemmelen and Rutien , 1955]. (B) Part of Viking Orbiter image 


